Introduction
Following the accident at the Fukushima Daiichi Nuclear Plant on March 11, 2011, public concern was focused on radiation risk. Because of the tragedies of Hiroshima/Nagasaki and Chernobyl, people fear the invisible risk of radiation. The pacifying comments (hiding of truth) provided by radiation specialists regarding the safety of nuclear plants after the accident compromised their reliability. In addition, there is a con‰ict even among radiation biologists regarding the estimation of the radiation risk caused by the accident. Therefore, an important task for scientists is to explain the level of radiation risk that actually exists in a more understandable manner.
When the accident occurred, I was a member of the public relation o‹ce of the Japanese Environmental Mutagen Society (JEMS). I then decided to create a webpage on the risk of radiation to provide useful information to the public. Throughout the course of preparing the page, I have learned many important facts about radiation exposure that I did not know before because I am not a radiation biologist. The most striking piece of information for me was the high background of the nuclear fallout that occurred during the 1960s.
Unconscious External Exposure
During the late 1950s to early 1960s, many nuclear bomb experiments were carried out worldwide by the US, the Soviet Union, and the UK, followed by France and China. The experiments were initially performed in the atmosphere and released an enormous amount of radioactive nuclides all over the world. In Tokyo, the nuclear fallout level reached its maximum in 1963, which was 1,000-10,000 times higher than the normal background before the Fukushima accident. The high fallout level has gradually decreased but has persisted over the decades. Data on the environmental radiation level in the past and present are available at the Japan Chemical Analysis Center, which is directed by the Nuclear Regulation Authority (1) . Although the species of nuclear fallouts from the nuclear bomb or the nuclear plant accident are diŠerent, Cs-137 ( 137 Cs) is a common concern for a longlived radioactivity. Figure 1 shows the annual changes 
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Takayoshi Suzuki in the monthly nuclear fallout ( 137 Cs) from 1957 to 2011 in Tokyo. The data show that the peak after the Chernobyl accident (1986) is very similar to that in 1963, when the fallout from nuclear bomb experiments reached its maximum. However, after the Fukushima accident in 2011, the peak reached a level more than 10 times higher. Therefore, we have been exposed to the highest level of fallout in history in the wake of the Fukushima accident. This fact should have been announced at the time of the accident to reduce outdoor exposure as much as possible, especially during rain. Although the same data for Fukushima in 2011 were not available on the website of the Japan Chemical Analysis Center, the fallout level is considered to be at least higher than that in Tokyo. Fallout in Fukushima has nearly stopped now but the high level of fallout has already settled down in the area surrounding the nuclear plant, making it di‹cult for residents living within 20 km of the plant to return to their homes. Removing these sedimented radioactive nuclides remains an important task for the Japanese government.
I was born in 1962, when the nuclear fallout reached its maximum level. Therefore, I grew up under the high background radio contamination during the so-called sensitive younger generation. At that time, unfortunately, environmental pollution from industries was much worse than it is now in Japan. Thus, our generation has grown up in a dangerous environment but without any apparent health defects, such as increased incidence of cancer. There is a chance that a careful epidemiological survey according to annual birth groups to compare health defects in relation to radiation exposure may provide informative data on the eŠects of nuclear fallout in future.
In addition to artiˆcial nuclear fallouts, we are also exposed externally to natural radiation sources such as radon, radium, and potassium from the ground and cosmic radiation from space. People believe that hot springs containing radon or radium are good for their health, but these springs exhibit a certain level of radioactivity (0.1-10 mSv/h). Annually, we are exposed to 0.48 mSv of radiation from the ground (natural rock). The radiation background is high at the Japanese parliament building due to the potassium-rich feldspar containing granite used for its construction. A transcontinental ‰ight by aircraft causes approximately 0.1 mSv of exposure. In total, ordinary people are exposed externally to 2.1 mSv of radiation annually (world average), which exceeds the recommended maximum annual additional exposure level of 1 mSv set by the International Commission on Radiological Protection (ICRP) (2) . Residents living in the high-radiationbackground area in Kerala, India, are exposed to up to 5 mSv of radiation annually, but there is no evidence for increased incidence of cancer among the residents.
In addition, we are exposed to radiation when undergoing X-ray and computed tomography (CT) scans. A single chest CT scan causes 6.9 mSv of radiation and an average medical exposure in Japan is about 4 mSv, which is far beyond the recommended maximum annual exposure limit. The risk of medical radiation exposure should be a greater public concern because the dose level is relatively high.
Unconscious Internal Exposure
In addition to external exposure, we are exposed internally to natural sources of radiation. Potassium is a one of the essential elements for humans and one of 40 Ar by electron capture and the emission of gamma rays (Fig. 2) . Therefore, our body is always internally exposed to a certain level of radiation.
In addition to natural sources of radiation, we have been exposed to artiˆcial radiation through foods contaminated by nuclear fallout. Data regarding the radioactivity of foods are available at the same Nuclear Regulation Authority Database site (http://search. kankyo-hoshano.go.jp/food). When the annual changes in the radioactivity ( 137 Cs) of tea leaves in Shizuoka is plotted (Fig. 3) , for example, it is clearly seen that the level of radioactivity was high when the level of nuclear fallout was high. It exceeded the current food regulation level of 100 Bq/kg for 137 Cs in 1963, which is similar to the levels observed in the aftermath of the Chernobyl and Fukushima accidents. In contrast, the radioactivity of 40 K has been constant at approximately 100 Bq/kg. It is more di‹cult to suppress the radioactivity level in dried food by per kg unit than in normal foods. Considerations should be made based on the amount of food consumed.
In conclusion, we are exposed internally to 40 K radiation through everyday foods.
Relative Risk
In my presentation at the JEMS open symposium, 2013, I introduced an antique wine glass composed of what is called``uranium glass'' as an example of familiar radiation sources. The glass contains uranium, which ‰uoresces under UV light (Fig. 4) . Uranium glass is popular among antique collectors and has been used frequently in the past. Uranium itself presents a real hazard by releasing beta and gamma rays. Using uranium glass does not pose a great risk because the amount of uranium contained in the glass is small (0.1z) and only beta rays are mainly released, which can be detected by a Geiger radiation detector (Geiger Fukushima, Eigyoshientai) but not by a photodiode-based detector (Air Counter S, S.T. Corporation) (Fig. 5) . These portable detectors are useful for the residents in Fukushima to make the invisible threat of radiation visible and assessable. The measurements should be free from any miss-operation and be adjusted by the standards.
When I demonstrated the ‰uorescence of the uranium glass, I used UV (black) light as the illumination source and said that``the risk posed by this uranium glass is much lower than that posed by UV light''. I had been involved in research using transgenic mouse mutation assays and understand that UV is a more powerful inducer of gene mutations than X-rays. Ono et al. reported on the mutagenicity of X-ray and UVB radiation in the transgenic MutaMouse (3). An increased mutation frequency (MF) (a few times) was observed in skin after applying a lethal dose (8 Gy) of X-ray radiation; however, an approximately 6-fold increase in MF was observed in skin after applying 10 kJ/m 2 of UVB radiation (Fig. 6) , a dose level easily achieved by sunlight exposure for a few hours in summer. Therefore, the gene mutations induced by UVB light is much higher than that induced by X-ray radiation. However, not much attention is paid to the risk for the genotoxicity posed by UV light compared with that posed by X-ray radiation. The risk of low dose levels is more understandable when compared with other risks (relative risk) than as an absolute value, such as 0.1z excess risk for cancer.
Way of Considering Risk
After understanding the limitation of the current level of science in making a conclusion about the real risk of low-level radiation, I feel that specialists in risk assessment and communication or regulatory science are more important than radiation biologists in solving the di‹cult problems concerning radio contamination in Fukushima. The level of concern about the same risk should vary among individuals in diŠerent situations and with diŠerent manners of thinking. The most important task for us is to transfer available scientiˆc knowledge to the public such that the information is more understandable. Excessive fear of radiation is a greater risk than that actually posed by low-level radiation. Balancing the risk is important (4), and radiation risk should be properly assessed to prevent people from making misinformed decisions, for example, A previous non-smoker who has started smoking after the accident due to stress caused by the perceived radiation risk; Pregnant women who choose to have abortions because of a fear of birth defects; Hospitalized patients in a serious condition who are forced to move away from the contaminated area. Because the population in Fukushima is approximately 2 million, 2000 deaths are expected if an excess risk of mortality is 0.1z (although it is impossible to prove scientiˆcally). If the risk is considered in this manner, the excess risk may not be considered acceptable. It is recommended that the situation be thought in a diŠerent way: 0.1z excess risk of mortality, for example, shortens the lifespan of a 40-year-old person by 2 weeks on average (although it may still not acceptable for a part of persons). The risk should be considered together with other risk factors. Therefore, the way in which risk is considered and communicated is important. In addition, the importance of risk education should be emphasized. We do not learn about the basics of radiation risk and biology at school. Thus, we are not good at considering and managing risk. The real risk of low-level radiation should be taught in school to be able to manage radiation risk in the future.
After the accident, I was embarrassed to see an article in a weekly magazine titled``20 years later in Japan, cancers, malformations, strange diseases, and mental retardations''. Mass media in Japan has frequently overemphasized radiation risk and causing anxiety among citizens. Sohei Kondo said in his book (5) about the problem in mass media of aggravating the perceived risk of radiation,``However, I do not agree to punish the mass media for their exaggerated reports that caused a radiation phobia. The primary cause of the radiation phobia is a concept`lowest level of radiation still has toxicity,' which got to be a common sense. This is a fundamental thinking for a specialist for radiation protection, for which mass media broadcasts extravagantly. Radiation specialists are lacking their eŠorts on telling exposed residents that there is no scientiˆc evidence on the miss-concept and real information on the safety of the low level radiation by a plain and precise manner''.
Unresolved Questions on Radiation Risk
What level of radiation risk was posed to those who grew up in the 1960s?: Evidence shows that there was no apparent adverse eŠect among children due to the global nuclear fallout, but an excess incidence of cancer was reported for residents living near the Nevada test site (6) . Although the incidence of leukemia, which can be detected early, did not clearly show an increase due to the global nuclear fallout, solid cancers, which are late-onset, can only be analyzed among individuals who were exposed to the higher background during their childhood in the 1960s because they will enter cancerprone ages in the coming years. The results of such analysis may provide a scientiˆc basis for conducting a risk assessment of low-dose radiation in relation to the Fukushima accident.
It has also been recently reported that there was a 12 z excess relative risk of childhood leukemia per millisievert of cumulative red bone marrow dose from gamma radiation (including radon) in a control case study of natural background radiation in Great Britain (7) . What is the scientiˆc evidence that supports the ICRP recommendation of 1 mSv as the acceptable annual eŠective dose for radiation exposure?: A Japanese regulatory decision against radiation protection was made based on the recommendation of the ICRP. The recommendation was made based on available scientiˆc data. However, it should be noted that there is scientiˆc uncertainty involved, such as that associated with the linear non-threshold model (LNT). People tend to believe the value to be an absolute and authoritative one, but the scientiˆc uncertainty involved should be explained and resolved. This is an important task for regulatory scientists.
When a resident in Fukushima develops cancer, can we say that it has no relation to the excess radiation cause by the accident?: Because the incidence of cancer in normal Japanese is approximately 50z, one out of two persons in Fukushima develops cancer. Even if the involvement of excess radiation dosage is very low, it is impossible to be considered zero. It seems natural that residents in Fukushima feel that the radiation caused their cancer. We need to have a scientiˆc tool to determine the involvement of radiation in the development of their tumors, such as a molecular signature of radiation damage such as a speciˆc gain of chromosome band 7q11 (8), or sequence speciˆc deletions.
Concluding Remarks
A paradigm shift in risk assessment from``zero'' tò`a cceptable'' risk is necessary. Radiation risk should not be considered alone but as a total risk involving several factors. Relief and safety are independent. The concept of acceptable risk varies among individuals. Therefore, relief is more desired than safety. We should consider the unconscious exposure to radiation mentioned in this article. The most important task for us is to transfer available scientiˆc knowledge to the public such that the information provided is more understandable and provides people the opportunity to make their own decisions. Within the 10-km area surrounding the nuclear plant, the ambient radiation dose is 10-to 100-fold higher than it was before the accident, with the area showing hot spots 1,000 times higher in intensity (June 2014). Continuous eŠorts should be undertaken to reduce ground contamination, possibly by inverting soil or covering it with concrete.
